ABSTRACT: Crossbred steers (n = 72) were selected to study forage-based finishing systems using winter annual ryegrass (Lolium multiflorum Lam.) with varying levels of grain supplementation. In December, cattle were allotted to 1 of 6 treatments consisting of ryegrass pasture (1 ha) with whole shell corn supplemented at 0.0% (0.0), 0.5% (0.5), 1.0% (1.0), 1.5% (1.5), and 2.0% (2.0) of BW, or an ad libitum mixed-ration grain diet in a drylot. Steers were randomly assigned to pens of 4 with pen serving as the experimental unit. Cattle were slaughtered by pen when average pen backfat thickness (as measured by real-time ultrasound) reached approximately 0.64 cm. Forage samples and disk meter height were taken from ryegrass paddocks on a monthly basis to determine forage quality and mass. Live animal performance, carcass traits, proximate analysis, WarnerBratzler shear force, and sensory characteristics from the LM of the rib section were analyzed. Increasing the amount of grain in the diet of finishing cattle resulted in a linear decrease (P < 0.05) in days on feed and a linear increase (P < 0.05) in ADG, preliminary yield grade, final yield grade, flavor intensity, and beef flavor. Forage DM mass increased with each incremental increase in grain added to the grazing diets. Quality of forage was not (P > 0.05) affected by adding grain to the diet. Adding corn to the diet of cattle being finished on forage improved animal performance and decreased forage utilization characteristics in addition to improving the flavor characteristics of beef.
INTRODUCTION
Consumer interest in the benefits of forage-finished beef has shown that a portion of the population demands this type of product enough to warrant further development of the production system (Cox et al., 2006) . Past research has found several problems associated with the use of forage compared with concentrate as the primary feed source for finishing cattle. Decreased ADG, longer finishing period to reach a target endpoint, reduced dressing percentage, less acceptable lean and fat scores, and less quality grade have been found for forage-finished cattle (Bidner et al., 1981 (Bidner et al., , 1986 ).
Researchers have found palatability issues, primarily related to flavor, when comparing animals finished on all forage diet with those finished on a high concentrate diet (Bowling et al., 1977 (Bowling et al., , 1978 Melton, 1990) . Greibenow et al. (1997) point out conflicting research related to most of the problems associated with foragefinished beef, and Muir et al. (1998) concluded that feeding systems have little or no effect on palatability and carcass traits when cattle are finished to similar carcass weight or same degree of fatness. This suggests that there may be methods of producing forage-finished beef resulting in acceptable consumer satisfaction, animal performance, carcass characteristics, or all 3. At the time that this research project was conducted, no regulations existed regarding how much grain could be added to a forage diet and still be labeled as foragefed. Current USDA regulations basically allow no grain to be added to the diet if the meat is to be labeled as forage-fed (USDA, 2007) . Nevertheless, a great deal of interest exists in finishing systems that utilize both forage and grain. The objective of this study was to deterFinishing steers on winter annual ryegrass (Lolium multiflorum Lam.) with varied levels of corn supplementation I: Effects on animal performance, carcass traits, and forage quality mine the effect of adding different amounts of grain to pasture diets on carcass traits, palatability traits, and forage utilization.
MATERIALS AND METHODS
Animal protocols were approved by the Auburn University Animal Care and Use committee.
Animals and Forage
Crossbred steers (n = 72) were selected from the resident herd at the Alabama Agricultural Experiment Station E.V. Smith Research Center Beef Unit and randomly assigned to 1 of 6 finishing treatment diets. Steers for the study were born between November and February. After weaning in September, all 72 steers were implanted with Revalor S (Intervet/ScheringPlough Animal Health, Millsboro, DE) and fed a mixed ration of Bermuda hay plus soybean hulls Bermuda grass pastures for about 90 d until placed into finishing treatments on December 8 (10 to 13 mo of age). Steers were finished on ryegrass (Lolium multiflorum Lam.) pasture with various levels of supplement or in a dry lot with ad libitum access to a high concentrate diet. Steers were not implanted during the finishing phase of the study. Pasture-supplemented treatments received whole shelled corn (Zea mays) daily, fed as a percentage of BW in the pen. Diets consisted of ryegrass pasture plus corn supplemented at 0% (0.0), 0.5% (0.5), 1.0% (1.0), 1.5% (1.5), 2.0% (2.0) of BW on an as-fed basis, or ad libitum concentrate diet in drylot (GD). The GD consisted of 65% shelled corn, 15% cotton seed hulls, 12.5% protein supplement (Nutrabeef, Nutrena Animal Feeds, Cargill Inc., Minneapolis, MN; Table 1 ), 5% soybean meal, and 2.5% molasses. Steers on the GD were placed in 3 drylot pens of similar size and were given ad libitum access to feed and water throughout the study.
Steers (BW = 319.5 ± 36.6 kg) were stratified based on breed of sire and randomly assigned to 1 of 18 pens. One Angus-sired, 2 Charolais-sired, and 1 Brangus-sired steer, all from an English-cross dam base, were placed in each pen, resulting in 4 animals/pen and 12 animals/ treatment. Pen (GD) or paddock (0.0, 0.5, 1.0, 1.5, and 2.0) served as the experimental unit, and therefore each treatment had 3 replications. On December 1, cattle were allotted to pens, given a 1-wk adjustment period to become acclimated to the pens and new diets, and then weighed (shrunk) to obtain a beginning trial BW on December 8. After the initial weigh date, steers were weighed every 28 d to adjust feed and track performance, with the exception of a 35-d weigh period between March and April because of inclement weather. Two animals were removed from the study because of illness and one because of injury before slaughter. A steer of similar BW (from a group of steers not on trial) was substituted for steers removed because of illness, but were not slaughtered and therefore were not a part of the data collected on the animals because they did not start the trial with their counterparts. Therefore, those pens or paddocks consisted of 3 steers instead of 4.
Ryegrass pasture pens (n = 15) measuring 1 ha each were used as the primary forage source for all pasture treatments. Marshall ryegrass (Wax Co., Amory, MS) was planted in a prepared seedbed in September at a seeding rate of 34 kg·ha −1 . Nitrogen was applied at 110 kg·ha −1 at planting, and an additional 65 kg·ha −1 was applied February 19.
An Aloka 500 (Corometrics Medical Systems, Wallingford, CT) real-time ultrasound machine with a 17.2 cm, 3.5 MHz linear transductor was used at 28-d-interval weigh periods to estimate average pen backfat thickness. Steers were slaughtered by pen when the estimated pen-averaged backfat thickness reached 0.64 cm. The endpoint was determined from previous experience finishing half-siblings to these research cattle at the same research unit using the same forage. Finishing on ryegrass alone allowed deposition of 0.60 to 0.64 cm fat before the forage was unable to continue to produce animal growth. Steers were then transported to the Lambert Meat Laboratory (Auburn University, Auburn, AL) and humanely slaughtered. Steers were slaughtered 2 or 3 pens at a time, irrespective of treatment and based solely on backfat endpoint, on a weekly basis from April 27 to June 15.
Carcass Evaluation and Fabrication
After slaughter, HCW was recorded and carcasses were chilled at 2 ± 1°C. At 48 h postmortem the right side of each carcass was ribbed between the 12th and 13th ribs for carcass evaluation. Carcasses were analyzed by a trained evaluator to determine preliminary yield grade, adjusted preliminary yield grade, LM area, KPH, yield grade, marbling, lean maturity, skeletal maturity, and quality grade (USDA, 1997).
Ribeye rolls (NAMP #112a) were removed from the right side of each carcass at 48 h postmortem. Ribeye rolls were labeled, vacuum packaged in oxygen barrier bags (Cryovac, Duncan, SC), and held at 2 ± 1°C. At Finishing cattle on forage 21 d postmortem, ribeye rolls were removed from the bag and 3 steaks were cut beginning at the loin (posterior) end. The first steak removed was cut to straighten the LM face and used for proximate analysis. Two 2.54-cm-thick steaks were then serially removed for sensory and Warner-Bratzler shear (WBS) force analysis, respectively. All individual steaks were labeled, vacuum packaged, and stored at −10°C until analyses.
Shear and Sensory
Warner-Bratzler shear force values were determined according to AMSA (1995) guidelines. Frozen steaks were randomly selected, removed from the freezer, and allowed to thaw for 24 h at 2 ± 1°C. Steaks were removed from the vacuum package and cooked on a clamshell-style grill (Kerth et al., 2003) for 7 min, resulting in an internal temperature of 71°C. Steaks were labeled, covered in aluminum foil, and chilled at 2 ± 1°C for 24 h. Six cores (1.3 cm in diameter) were removed from the LM parallel to the muscle fiber orientation. Each core was sheared once across the middle, perpendicular to the muscle fiber orientation using a Warner-Bratzler shear machine (model 1955, GRE Manufacturing, Manhattan, KS). The peak force measurements of the 6 cores from each steak were averaged for statistical analysis.
A trained sensory panel (6 to 7 members; Cross et al., 1978) evaluated LM steaks from the rib section (AMSA, 1995) . Randomly selected frozen steaks were thawed at 3 ± 1°C for 18-24 h and cooked as described for WBS. Samples were trimmed of outside fat and connective tissue, cut into 1.27 cm × 1.27 cm × steak thickness portions using a plastic grid, and placed in warming pans until served to panelists. Steak samples were evaluated for initial and sustained juiciness, initial and sustained tenderness, flavor intensity, and beef flavor on a scale of 1 to 8, where 1 = extremely dry, tough, bland, and uncharacteristic of beef, and 8 = extremely juicy, tender, intense, and characteristic of beef, respectively. Two samples from each steak were evaluated by panelists that were secluded in partitioned booths with controlled levels of red incandescent light. A warm-up sample steak was served at initiation of each sensory session, followed by 6 to 8 steak samples per session. Panelists were instructed to cleanse their palate with a salt-free saltine cracker and a drink of water before each sample.
Chemical Analysis of LM
Moisture, fat, ash, and protein percentages of the LM from the 12th-rib section was measured according to procedures described by AOAC (1998). Samples were removed from the freezer and thawed for 24 h at 2 ± 1°C. Steaks were removed from the vacuum package and trimmed of all exterior fat and connective tissue. The LM was then placed in a Waring 2-speed laboratory blender (Waring Laboratory, Torrington, CT) until a uniform paste was achieved. Moisture and fat was determined using the SMART Trac Moisture and Fat Analyzer system (CEM Corporation, Matthews, NC), and ash was determined using a Phoenix microwave muffle furnace (CEM Corporation). Protein was determined for individual samples by subtracting ash, moisture, and fat percentages from 100, and all data were reported on a percentage basis as an average of duplicate samples.
Forage Mass
Disk meter height (DH) measurements were taken according to procedures described by Bransby et al. (1977) on a monthly basis from December to April corresponding to weigh dates described above. Measurements were made with a 1.36-kg disk, with disk area and diameter measuring 0.17 m 2 and 0.46 m, respectively. Approximately 30 readings per paddock (1 ha) were collected at random by making a zigzag pattern across the paddock. Readings from each paddock were averaged for statistical analysis.
Disk meter calibrations were made at the beginning and end of the study to establish a linear relationship between DH and DM mass (DMM). Ten paired samples of DH and DM samples were taken per calibration to represent the range of meter readings for that period. The sampling procedure involved taking an initial reading with the meter, placing a circular quadrant corresponding to the size of the disk over the area sampled, and clipping the material within the quadrant with handheld clippers. Dry weights were then determined using partial DM procedures. The regression relationship of available forage DM (kg/ha) to disk meter height was DMM = [6.3229 + (3.3247 × DH)] × 61.132 and DMM = [11.517 + (2.9554 × DH)] × 61.132 for December and April calibrations, respectively. The December calibration equation was used to predict forage mass in the months of December, January, and February, and the April calibration equation was used for the months of March and April. The coefficient of determination was 0.89 and 0.91 for December and April calibrations, respectively.
Chemical Analysis of Forage
Forage samples were collected on a monthly basis (January to May 2004) in conjunction with cattle weigh dates and disk meter readings. Forage samples were randomly grabbed across each pen and placed in brown paper bags. Samples were then dried for 48 h at 55°C in a convection oven (model 420, NAPCO, Winchester, PA) and weighed before and after drying (equilibrated to room temperature for 24 h) to determine DM. Dry samples were ground in a Thomas-Willey mill (model 4, Thomas Scientific) to pass through a 1-mm mesh screen, labeled, and placed in sealed plastic containers. Chemical analyses were conducted on ground samples to determine DM, ash, NDF, ADF, and CP. Methods described by AOAC (1998) were used to determine DM, ash, and CP. Nitrogen was determined using a Leco TruSpec (Leco Corporation, St. Joseph, MI) and multiplied by 6.25 to estimate CP. Forage NDF and ADF were determined on samples according to Van Soest et al. (1991) 
Statistical Analysis
Data were analyzed as a completely randomized design using GLM procedure (SAS Inst. Inc., Cary, NC). Animal biological (sire breed) type effects were initially tested using animal as the experimental unit to determine if any confounding effects were present in all data by using different biological types. Animal biological (sire breed) type effects were not found to be significant (P > 0.20), so biological type effects were not included in the final analyses and pen was used as the experimental unit. Because of the linear arrangement of grain supplement treatments, contrasts were constructed to test linear and quadratic effects of the grain supplement treatments on the response variables (Schulman, 1992) . Pen replicate within finishing treatment was used as the error term for all forage main effect, carcass, and animal production data. Because of the additional effect of month on forage data, forage traits were analyzed with pen replicate within finishing treatment and month to test differences between months and treatment × month interaction. Significant (P ≤ 0.05) main and interaction effect means for the forage data were separated with Fisher's protected pair-wise t-tests using the PDIFF option of LSMEANS in SAS.
RESULTS

Animal Performance and Carcass Traits
Steer BW, ADG, ADFI (corn consumption of pasture treatments and mixed grain ration of drylot treatment), and feed consumption as a percentage of BW for monthly and total feeding periods are summarized in Table 2 . Increasing the amount of grain in the diet resulted in a linear decrease (P = 0.001) in days on feed, but a linear increase (P < 0.04) in ADG, dressing percentage, HCW, skeletal maturity, preliminary yield grade, adjusted preliminary yield grade, and final yield grade (Table 3) . Additionally, the amount of grain supplementation had a quadratic effect on days on feed (P = 0.001) and LM area (P = 0.03). In the case of days on feed, a sharp decrease in time on feed was found when adding only 0.5 or 1.0% BW corn, and then remained low for the remaining treatments. For LM area, an incremental increase in area was shown from 0 to 1.5% BW corn, then an incremental decrease in LM area to near control (0.0% BW corn) above 1.5%. Treatment diet had no effect (P > 0.11) on lean maturity, marbling, or KPH %.
WBS, Sensory Traits, and Chemical Composition
Warner-Bratzler shear force, initial tenderness, and percentage ash were not affected (P > 0.13; Table 4), by dietary treatment. Initial and sustained juiciness scores and sustained tenderness scores showed a quadratic response (P < 0.05) to diets with the greatest juiciness values being found in meat from steers that had received the least or the most grain in their diets compared with those with moderate levels (1.0 and 1.5% BW grain). Flavor intensity and beef flavor had a linear increase (P < 0.001) in scores as the amount of grain in the diet increased. Additionally, LM fat and protein percentage increased linearly (P ≤ 0.05) with increasing amounts of grain in the diet.
Forage
Dry matter forage mass was determined on a monthly basis from December to April using disk meter height readings from forage paddocks (Figure 1) . No differences (P > 0.05) in DMM were found among diets in December, January, and February sample dates. In March, more (P < 0.05) forage mass was found in 0.5 and 2.0 treatments than that of 0.0. In April, an incremental increase (P < 0.05) in DMM (3,312 to 6,973 kg·ha −1 ) within paddocks was found with each increase in the amount of supplemental corn.
Forage ash percentage was greater (P < 0.01, Figure 2) in 0.0 paddocks than in 0.5, 1.0, 1.5, and 2.0 treatments across all months. Decreased (P < 0.05) ash percentages were present in May than all other sample dates. Ash percentage was greater (P < 0.05) in February and March than it was in January. Forage NDF increased (P < 0.01, Figure 3 ) on a monthly basis from 32% (Jan) to 61% (May), but was not affected by diet (P = 0.7). Diet did not (P = 0.4, Figure 4 ) affect ADF, but ADF increased (P < 0.001) each month from 15% (Jan) to 32% (May). Diet did not affect (P > 0.05, Figure 5 ) CP in January, February, April, and May sample dates. The March sample date had less (P < 0.001) protein percentages in 1.0 and 1.5 than 0.0 and 0.5 treatments. Protein for 1.5 was similar (P > 0.05) to 0.0, 1.0, and 2.0 paddocks, but less (P < 0.05) than the 0.5 treatment for the March sample date. Mandell et al. (1997) noted that many studies comparing forage-vs. grain-finishing have been confounded because of backfat finish and days on feed. In those studies, forage-fed cattle often had minimal amounts of finish or were slaughtered at ages older than those of grain-fed cattle. In a review of forage-and grain-based feeding systems, Muir et al. (1998) attributed most differences in carcass traits and palatability found in past Diets consist of ryegrass pasture plus corn supplemented at 0% (0.0), 0.5% (0.5), 1.0% (1.0), 1.5% (1.5), 2.0% (2.0) of BW, or ad libitum concentrate diet in drylot (Grain).
DISCUSSION
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Indicates the P-value for a linear or quadratic (Quad) effect of the diet on each variable. research to differences in ADG and degree of fatness.
In the current study, increasing the amount of grain in the diet increased ADG and decreased the days on feed. Several researchers reported decreased BW gains in forage-finished cattle resulting in a longer finishing period to reach the same BW or backfat thickness as those finished on grain (Bidner et al., 1981 (Bidner et al., , 1986 Mandell et al., 1997; French et al., 2001) . The current study agrees with Bidner et al. (1981) , who found no difference in BW gains between steers finished on grass supplemented with grain (whole shelled corn) and those finished on grain, whereas steers finished on grass pastures alone had reduced daily BW gains. In Bidner et al. (1981) , forage-finished steers had less subcutaneous fat and decreased marbling scores in that study, but there were no differences in shear force scores and sensory attributes.
The current study agrees with Bidner et al. (1986) and McMillin et al. (1990) who found reduced dressing percentages and yield grades in steers receiving reduced amounts of dietary concentrate in their diet. Several researchers have found greater marbling scores in cattle finished primarily on a grain diet (Reagan et al., 1981; Crouse et al., 1984; Bidner et al., 1986) . In these studies, increased marbling is attributed to increased fatness in grain-finished cattle. In the present study, Table 4 . Least squares means ± SEM for Warner-Bratzler shear (WBS), sensory panel traits, and proximate analysis of steers finished on ryegrass pasture with various levels of supplementation or ad libitum mixed ration grain diet in a drylot Finishing cattle on forage marbling was not affected by adding corn to the finishing diet or finishing in a feedlot, with all of the cattle averaging low or high Select quality grades. This may have occurred because the relative degree of finishing (0.6 cm backfat) was less than that commonly found in feedlot steers (about 1.0 cm backfat). This indicates a reduced total amount of fat deposition and is at least indirectly related to marbling amount as intramuscular fat is the last fat depot to be filled.
WBS and Sensory Traits
Tenderness measurements in the current study agree with most forage-vs. grain-finished research. Most studies indicate no difference in tenderness scores among diets (Schaake et al., 1993; Muir et al., 1998; French et al., 2000 French et al., , 2001 . However, others (Bowling et al., 1977; Schroeder et al., 1980; Bennett et al., 1995) found forage feeding to increase shear force compared with grain feeding.
Whereas juiciness and sustained tenderness scores had a quadratic response, it is unclear why this response occurred. In fact these scores tend to agree with Bidner et al. (1981 Bidner et al. ( , 1986 , Crouse et al. (1984) , and French et al. (2001) , who found no differences in juiciness or tenderness attributes between forage-and grain-finished cattle. Muir et al. (1998) found that few researchers have found differences in taste panel tenderness, juiciness, and flavor ratings between forage-and grain-finished cattle slaughtered at similar BW or fat covering. More importantly is the linear increase in the flavor component scores as the amount of grain in the diet in- creased. Whereas tenderness and juiciness scores agree with most studies that have examined forage vs. grain feeding, the effect of diet on flavor attributes seems unclear. Forage-finishing has been attributed to decreased flavor scores and increased incidence of reported offflavors including liver, grassy, and other flavors (Larick et al., 1987; Melton, 1990; Mandell et al., 1998) .
Chemical Analysis of LM
Concentration of grain in the diet had a linear effect on the moisture content within the LM. Moisture content was greater for steers receiving a greater concentration of grain in the diet (1.5, 2.0, and GD). This agrees with Schaake et al. (1993) who found that pasture-fed steers had greater percentage of moisture in the lean tissue. Whereas not detected by marbling scores, a positive linear relationship existed between LM fat percentage and the amount of grain in the diet similar to other research that found increased marbling in diets with more grain (Reagan et al., 1981; Crouse et al., 1984; Bidner et al., 1986) . Whereas statistically significant, percentage protein in the LM was within 1% for all dietary treatments, and this along with the results in ash percentage among treatments agrees with past research comparing forage-and grain-finishing (Schroeder et al., 1980; Schaake et al., 1993; O'Sullivan et al., 2004) . Finishing cattle on forage
Forage Quality and Mass
Forage quality as indicated by NDF, ADF, and CP percentages was similar across treatments, which is consistent with past studies that have found few differences in forage quality between various grazing treatments (Syfrett et al., 2003) . The greater concentration of ash in the 0.0 treatment may be explained by reduced forage mass resulting in lower plant height. When sampling, it is plausible that the lower plant height resulted in increased trampling by cattle and a greater chance to include feces and dirt in the sample. It is also possible the lower plant height made it more difficult for the sampler to discard soil material. The greatest decrease in forage quality resulted from the April to May sampling period. There was an increase in NDF (42.3 to 61.3%) and ADF (21.4 to 32.9%) and decrease in CP (19.8 to 10.5%) during this period. Increased NDF is negatively correlated with DE and would likely become the first limitation to increased animal production (NRC, 1996; Redfearn et al., 2002) . The increased forage quality throughout most of the study allowed steers on an all forage diet to have similar ADG as those receiving supplemental grain and steers in the feedlot.
Increased grain supplementation resulted in greater amounts of forage mass availability. These results were expected because corn supplementation would likely decrease forage consumption. In the greater supplementation groups there was a larger amount of unharvested forage as indicated by the April disk meter readings. The available forage for steers in the 1.0, 1.5, and 2.0 paddocks was considerably greater than that of past researchers in the month of April, whereas forage availability in the 0.0 paddocks was closer to past research results (Hafley, 1996; Redfearn et al., 2002) . This indicates that an increased number of steers per hectare could have been placed in the high supplementation groups to fully utilize available forage.
In conclusion, because of the increased forage availability, stocking density can be significantly increased by supplementing steers with corn, resulting in greater ADG and reduced time on feed without affecting quality grade. Increasing the amount of grain in the finishing diet of forage-finished beef improves the intensity and quality of beef flavor, but has no significant effect on tenderness.
